INTRODUCTION
During the 20th century, humans dammed and regulated most of the world's rivers for reasons such as hydropower, flood control, domestic water supply, and navigation (Nilsson et al. 2005) . Globally, there are now about 50,000 dams exceeding 15 m in height (WCD 2000) , and many new dams are planned or under construction (WWF 2004) . There is no current record of the global number of small dams, i.e., dams <15 m in height, but in the United States alone there are approximately 2 million such dams (Shuman 1995) . Among Sweden's more than 5300 dams, about 5100 (96%) are small (SMHI 1994 , Vattenportalen 2007 . Although human control over freshwater flow has increased prosperity for many people, it has also led to serious effects on ecosystems and local human societies (e.g., Berggren 2000, Scudder 2005 ).
Dams increase water retention, modify the hydrograph, eliminate turbulent reaches and riparian wetlands, impede the dispersal and migration of plants and animals, decrease interactions between land and water, and reduce sediment transport (Ward and Stanford 1995 , Jansson et al. 2000 , Kingsford 2000 , Syvitski et al. 2005 . Following the creation of dams and reservoirs, many terrestrial ecosystems become permanently inundated. This damages ecological communities, erodes the soil of the inundated land (Dudgeon 1995 , Nilsson et al. 1997 , and causes emissions of greenhouse gases such as methane and carbon dioxide during the breakdown of organic matter (Fearnside 1997 , St. Louis et al. 2000 . Even if not directly affected by loss of property, humans are often indirectly affected by hampered ecosystem services such as reduced water availability on farmed floodplains following decreased flooding, lowered aquatic productivity, and reduced control of species invasions (Nilsson et al. 2005) .
During the Swedish dam-building era after World War II, large, modern hydroelectric power plants were constructed to supply the developing industry and society with electric power. In some cases, small dams, such as hydroelectric dams and splash dams used for timber floating, were removed to make room for larger ones. In this respect, dam removal is not a new concept in Sweden. However, the removal of entire impoundments and dam Ecology and Society 14(2): 4 http://www.ecologyandsociety.org/vol14/iss2/art4/ constructions to restore riverine landscapes is a new practice. Thus, dam removal is becoming a more frequently used management option, especially for old dams in need of renovation and small dams that are no longer used or have lost most of their reservoir capacity. Globally, most dams that have been removed or considered for removal are in the USA. In 2003, Stanley and Doyle (2003) reported that more than 500 dams had been removed in the previous two decades in the United States, although they found no data indicating that any other country had removed more than nine.
Dam removal is now becoming a viable option in other regions of the world for several reasons. For the dam owner, removal can be economically preferable to renovation because of the environmental benefits gained from the restoration of turbulent stream reaches and fish migration routes. Safety reasons are also vital, especially in cases in which dams are in bad shape and hold large amounts of water (Stanley and Doyle 2003) . Despite such benefits, however, dam removal often gives rise to conflicts. This is the case even when dam owners encourage removal. Conflicts often result in unnecessarily long processing times, and sometimes removals are stalled even in cases in which funding for removal has been provided. In this paper we address incentives for dam removal such as safety issues, law and policies, and economic as well as ecological incentives. We also outline some of the underlying mechanisms of the types of conflict associated with dam removal. Our presentation is based on our own experience with recently debated and implemented dam removals in Sweden (Table 1) . We also provide guidance on how conflicts can be prevented or resolved in future dam removals.
INCENTIVES FOR DAM REMOVAL
Early dam removals were often motivated by safety considerations but, during the 1990s, environmental motives became more prevalent. In some cases, removal offers direct economic advantages. We here discuss four drivers of dam removal: (1) safety, (2) law and policy, (3) economics, and (4) ecology.
Safety
All dams have limited life spans, and dams that are not maintained eventually fail (David and Baish 2002, Palmer et al. 2008) . Numerous dams around the world are in need of inspection, because dams at risk of failure as a result of future climate changes and possible severe floods may pose serious threats to humans and infrastructure. Climate change is predicted to alter global water cycling, and, within 40 yr, some of the largest rivers may have doubled the amount of water they discharge. Impounded rivers are not designed for discharge outside their range of variability, which makes them less capable of managing these alterations compared to freeflowing rivers (Palmer et al. 2008 ).
Dams may also fail because of reservoir sedimentation (Evans et al. 2000) . The sedimentation rate is highest during floods and violent storms, and even mudslides caused by earthquakes can have unpredictable effects on reservoir sedimentation. Changing climates may cause more intense storms that will probably increase the rate and unpredictability of sedimentation (Emanuel 2005 , Webster et al. 2005 . For example, one of the worst dam collapses in history occurred in Henan province, China, in August 1975. The Banqiao dam was built on the Huai River, a tributary of the lower Yangtze, and was considered to be an indestructible dam that could never fail. When a typhoon and a cold front collided over Henan province, the Banqiao reservoir filled to close to maximum capacity in a single day. Even though its sluice gates were open, they became partly blocked by sediment, which caused the water level of the reservoir to rise to more than 2 m above its designed capacity in 24 h. The dam collapsed the next day, and 500 Mm³ of water rushed downstream at a speed of 50 km/h, drowning entire villages and towns. This precipitated the failure of as many as 62 dams, causing the deaths of 230,000 people (McCully 2001) .
In a more recent example from May 2008, a major earthquake struck eastern Sichuan, China, with a magnitude of 7.9 on the Richter scale. More than 69,000 people were killed, and the earthquake was felt in most of central, eastern, and southern China (U.S. Geological Survey 2008) . In the southern parts of the Quangxi region, rain and floods after the earthquake exerted tremendous pressure on six dams that were in danger of bursting, and people were evacuated downstream from one of the dams, Issues: The removal of this dam is still under discussion, and an optimal solution is hard to find. The dam is located very close to the main road. Even though it is in bad condition, the village association would like to keep it. Any future fish passage must be designed to take the location into account.
which had a reservoir capacity of 1.8 Mm³ of water (Ruwitch 2008 ).
These facts make it necessary, at some point in time, to assess a dam's future, no matter what the reasons were for building it and irrespective of whether it is being used or not. In the case of nonfunctioning or unused dams and reservoirs, there are good grounds for removing them completely to avoid the hazards caused by dam failures. The most common cause of dam and reservoir aging is sediment filling. For example, in a review of reservoirs in Romania, Rãdoane and Rãdoane (2005) found that some of them were half filled with sediment within 50 yr. In the most extreme cases, artificial reservoirs can completely fill with sediment within 10-20 yr (Einsele and Hinderer 1997, Kelly 1997) . A dam with a sediment-filled reservoir no longer fulfils its original purpose and, if it collapses, could cause devastating turbidity and sediment deposition in reaches further downstream. In reservoirs with low sedimentation rates, constraints on dam construction become critical for their life-span.
Law and policy
Water issues are now receiving a high priority on the political agenda because of increasing knowledge about the negative consequences of human water usage. In many countries, dam removals are supported by national policy and legislation related to the protection and enhancement of biodiversity in freshwater ecosystems. For example, in Sweden, the Environmental Objectives state 16 ecosystem goals that should be reached by the year 2020 (Swedish Government 2008) . The objective that has the most relevance for freshwater ecosystems concerns the responsibility of maintaining flourishing lakes and streams, good-quality groundwater, thriving wetlands, and a rich diversity of plant and animal life (Swedish Government 2008) . One subgoal to be accomplished while achieving this overall objective is that 25% of valuable and potentially valuable rivers and streams must be restored by 2010.
Strong regional laws and policy instruments may also be an imperative for dam removal. By signing the European Union Water Framework Directive, member states have agreed to manage all water in an ecologically sustainable way and to maintain its ecological status (European Commission 2000) . Furthermore, the European Union Natura 2000 network and the Habitat Directive oblige the member states to ensure the restoration or maintenance of natural habitats (European Commission 1992). Within these directives lie both the opportunity and the obligation to restore waters that have been degraded, such as those impacted by dams. In comparison, in the USA two separate acts, the Federal Power Act (FPA) and the Endangered Species Act (ESA), play vital roles in the licensing and relicensing of hydroelectric power dams through the Federal Energy Regulatory Commission (FERC). The ESA was formed to protect species and the ecosystems in which they exist, whereas the FPA regulates the development of power. Today, in U.S. relicensing processes, dam operators must consider the impact of their operations on the riverine environment and the possibility of taking preventive measures to mitigate negative impacts.
The ESA thus has a compelling effect on the http://www.ecologyandsociety.org/vol14/iss2/art4/ relicensing permissions handled by FERC (Blumm and Nadol 2001) .
Economic incentives
Under some circumstances it may be economically more beneficial to remove a dam than to keep it, even if it still produces revenue. For example, a study of 14 dam removals in Wisconsin, USA, showed that the estimated cost of repair was on average three times higher than that of removal (Born et al. 1998) . One common consequence of damming rivers is an impoverished fish fauna. Fish production is often an important source of income for local inhabitants, both directly as fish harvest and indirectly as a resource base for tourism and recreational fishing. The loss of income caused by the loss of fishing can be greater than the value of the power produced (Kruse and Scholz 2006) . The restoration of fishing can therefore be a strong incentive for removing dams.
A recent survey among anglers who had visited the Storsjö fisheries conservation area in central Sweden revealed that the dam at Storsjö-Kapell influenced the value that the anglers placed on the catch (Laitila et al. 2006) . If the dam were removed, the economic value of a large fish would double and the value of a fishing-day would increase by an average of 537 Swedish kronor (SEK), even with no change in the fish stock. It has been estimated that a dam removal would make it possible to quadruple fish stocks, which would increase the value of a fishing-day by 1830 SEK. Such a scenario would increase the number of fishing-days per season by 72%, from 2000 to 3440 (Laitila et al. 2006 ).
In the United States, considerable resources are spent every year on preserving threatened fish species in regulated rivers (Revenue Stream 2008) . In the Columbia River Basin, the transportation of juvenile chinook salmon by trucks from the uppermost dams to the lowest dam has considerably slowed the rate of decline of that species. Without that specific aid, the salmon would probably have disappeared from the Snake River. The removal of the lower Snake River dams might increase the physiological vigor of the salmon that swim downstream and improve their survival (Kareiva et al. 2000) . Dam removal would end the need for outof-river fish transportation, which probably has added to the annual costs of maintaining the dams (Revenue Stream 2008) . Dam removal is now increasingly seen as a viable alternative to maintenance, and even larger dams are being considered for removal, the two dams on the Elwha River providing one of the best examples.
The Elwha and Glines Canyon dams on the Elwha River in Washington State, USA, were built in 1913 and 1927, respectively, and are scheduled for removal in 2012. The upper portion of the Elwha river basin is located within Olympic National Park, and the lower reach at the river's mouth is in the Klallam Indian reservation. This tribe was the first to demand dam removal, and its members pointed out that the river formed an integral part of their spiritual heritage and that the dam construction was a tremendous injustice. For the tribe, dam removal is of great importance because of deeply held cultural and personal beliefs. Because the tribe also relies economically on salmon fishing, restored fish production would be of great financial value. The two dams were built without fish ladders, although state law at that time required them, and they therefore disrupt salmon migration and block off approximately 90% of their spawning habitat (Gowan et al. 2006 , Duda et al. 2008 , Pess et al. 2008 . Another case in which the removal of a dam would provide economic benefits is that of Sweden's indigenous Sami people, especially those who herd reindeer, an activity that has been profoundly affected by dams and reservoirs in northern Sweden. For example, the availability and quality of reindeer pasture lands have decreased because of the inundation of river valleys, and the passage of rivers during migration periods has become difficult because of modified flow and ice conditions. Some compensation has been given to the Sami people for damage and intrusion, but these funds are not considered adequate compensation for the difficulties caused (Morin 2006) .
Ecological incentives
Dams alter many natural characteristics of and processes in rivers. For example, by fragmenting channels and modifying flows, they affect the productivity of wetlands, floodplains, and deltas; disrupt the migration and dispersal of riparian and aquatic organisms as well as sediment dynamics; and cause freshwater species numbers to decline Poff 2002, WWF 2004) . Many dams with large reservoirs, especially those that have hypolimnetic release of water, also modify the http://www.ecologyandsociety.org/vol14/iss2/art4/ temperature regime of downstream reaches and lead to shifts in biota (e.g., Gregory et al. 2002) . In general, impounded rivers are considered to favor the invasion of non-native species, thus exerting further pressures on the biota (Stanford et al. 1996 , Johnson et al. 2008 .
Although dams and reservoirs have many ecological effects, the disruption of the movement of different organisms is probably the most important reason for removing dams. Dam removal makes it possible for fish passage and fish taxa to shift from lentic to lotic species, which have the potential to migrate and reproduce along free-flowing watercourses (Hart et al. 2002, Stanley and Doyle 2003 As mentioned, dam removal is beneficial to migrating fish, and eel is a species that has suffered a severe reduction in stock numbers because of dam constructions. European eel (Anguilla anguilla) spend most of their lives in fresh water in northern Europe. However, they breed in the Sargasso Sea, so that free passage to the sea is crucial for spawning (Laffaille et al. 2005 , Acou et al. 2008 . Also, the migration route of eels has changed because of dam constructions that add significantly to the difficulties of spawning (Degerman et al. 2001) . Sea trout (Salmo trutta) is another example of a fish species impeded by dams, not only during its upstream spawning journey but also on its way back to the sea. Apart from newly spawned adults, smolts experience a dangerous journey downstream trying to pass dam constructions without getting killed in the turbines (Coutant and Whitney 2000) . Common whitefish (Coregonus lavaretus) spawn in lakes, streams, or the sea. During the summer months, the species moves toward colder and deeper waters (Swedish Board of Fisheries 2008), and free passage is a prerequisite for its natural migration patterns.
Climate change may also be an important reason for dam removal (cf. above). Although many rivers will face increased discharge in the future, others may experience a considerable flow reduction. With increasing temperatures, reservoirs in warm and dry areas will lose even more water through evaporation in addition to the approximately 3.5 % that now evaporates every year. The fact that reservoirs trap large amounts of sediment reduces the nutrient supply to the sea and causes coastal deltas to shrink (Ericson et al. 2006 , Palmer et al. 2008 . Dam removal could thus be a feasible means of adapting to escalating climate change (Palmer et al. 2008) . Also, in the future we will need replacement water supplies and far more effective and equitable conservation measures if and when reservoir storage is diminished because of dam removal.
Dam removal is also a feasible method of restoring habitats, flow patterns, and migration paths. It is possible to restore these three riverine components more or less separately or in different combinations depending on the results required. The initiative to remove dams originated quietly in the USA as early as 1931, when a dam on the Idaho River was removed, but the movement has continued to grow, and, with Secretary of the Interior Bruce Babbitt as spokesman, the issue was brought into the U.S. political arena (Klein 1999 ). As mentioned above, in Sweden the practice of using dam removal as an ecological restoration method is rather new.
DAM REMOVAL IN SWEDEN
In Table 1 and Fig. 1 we present a compilation of the cases of 17 dams in different parts of Sweden that have all been considered for removal. In six of the 17 examples, the dams have been completely removed, five to improve fish passage and one to increase general biodiversity. The creation of fish passage was one of the reasons for removal in 12 of the 17 examples, and it was the only reason in seven of those 12. Increased biodiversity was a reason for removal in five of the 17 examples, and it was claimed as the only reason in three of those five. Small-scale electricity production was a main or subordinate use for 11 of the 17 dams. These examples provide a general idea of the work done and of the issues and incentives entailed in the removal and decision-making processes. Table 1 also points out that the work involved various kinds of problems, including strong wills, contrasting opinions, and, at times, misconceptions rooted early on in the process. Three cases, all located within the same municipality, constitute a specific situation Ecology and Society 14(2): 4 http://www.ecologyandsociety.org/vol14/iss2/art4/ because, despite contrasting opinions, everyone involved was willing to work for a consensus.
CONTROVERSIES ASSOCIATED WITH DAM REMOVAL
Given the many negative consequences of dams for ecosystems, one would assume that, if a dam owner decided to remove an old, inefficient dam, people would support that decision. However, this is often not the case. Instead, dam removal operations are often subjected to a number of different obstacles that may postpone or stop the process. One might wonder why dams are seen as monuments of human engineering skills, or why they raise indignant feelings in proponents as well as opponents of removal. The U.S. politician and dam removal proponent Bruce Babbitt said,
I always wonder what is it about the sound of a sledgehammer on concrete that evokes such a reaction? We routinely demolish buildings that have served their purpose or when there is a better use for the land. Why not dams? For whatever reason, we view dams as akin to the pyramids of Egypt-a permanent part of the landscape, timeless monuments to our civilization and technology.
Born et al. (1998) studied the process leading to the removal of 14 dams in Wisconsin, USA, and found that, in all cases, citizens originally opposed removal when it was first discussed at stakeholder meetings. The most vocal opponents in their study were riparian landowners and the local communities around the impoundments. In cases in which riparian landowners represented a majority of stakeholders, i.e., dams were located in the middle of communities rather than more rural settings, the dams ended up being repaired instead of removed, despite a higher cost for the dam owner. Born et al. (1998) also categorized the perceived gains and losses following removal and found that stakeholders in 12 of the 14 cases felt that improved safety was a gain. Stakeholders also listed improved fish and wildlife habitats as a reward.
Despite the fact that many Swedes are highly aware of ecological matters and willing to pay for healthy ecosystems (Sundberg and Söderqvist 2004) , ecological values must frequently take a back seat when money and reluctance, which often originate from fear of change and the unknown, come to play vital roles in dam removal processes. Even strong arguments for removal may not convince opponents. People tend to have major misconceptions about what will happen after a dam is removed, and there is a common misunderstanding that the removal of a dam will alter the scenery in a negative manner, for instance, that there will be nothing left but a pool of mud (Sarakinos and Johnson 2003) . For example, this was the main objection to the removal of the Unnefors Dam (Table 1 ; B. Lind, personal communication). Orr and Stanley (2006) showed that vegetation established quickly following dam removal and that less than 1% of all sampled areas was bare sediment even on sites restored as recently as a year previously. We also saw the rapid recolonization of the soil of the former reservoir after the Kuba dam was removed (Table  1 , Fig. 2 ). Measurements of production capacity in this former reservoir also showed that it was significantly higher compared to reference sites, probably because of nutrient-rich sediments and good access to sunlight (Hörnström 2009 ). If people are not familiar with the meaning of words such as "change" and "restoration," they easily give them negative connotations. Therefore, neighboring landowners and people living adjacent to a dam tend to oppose the idea of dam removal.
Owners of dams and land play important roles in the decision-making process, but, unfortunately, their opinions are often based on inaccurate facts (David and Baish 2002, Graf 2003) . Public education is needed to overcome these misconceptions. We as humans have tried to disassociate ourselves from natural cycles and processes by altering the structure and dynamics of ecosystems so as to satisfy our immediate needs and desires. Today's conflicts between different societal "needs" involve an attempt to communicate that humans belong to ecosystems worldwide. Decades of successive disassociation from nature leave many people perplexed when the integration of human societies and ecosystems is called for (Bradshaw and Bekoff 2001) . There are numerous dam removals in Sweden that have come to a halt primarily because of reluctance (cf. above). People wish to keep their lake for recreational purposes rather than gaining free-flowing water. Another common misunderstanding is that dam removal will cause property values to drop (Sarakinos and Johnson 2003, Provencher et al. 2008 ).
In 2006, we undertook a project to examine the ecological effects of dam removal in Sweden. This project followed a comparative design in which we Ecology and Society 14(2): 4 http://www.ecologyandsociety.org/vol14/iss2/art4/ Fig. 1 . Locations of the Swedish streams and dams studied (see also matched dammed sites with reference sites that had not been affected by dams before and after dam removal (cf. Stewart-Oaten et al. 1986 ). Because of changes in plans at the municipal or county administrative level, we experienced setbacks in our fieldwork. For various reasons, dam removal plans often change late in the approval process, and several dams that had been close to removal suddenly met with opposition. In a couple of cases, we had actually begun pre-removal studies, and a few months before a planned removal the process unexpectedly came to a halt because of a sudden lack of funds, stakeholder reluctance, or new demands from landowners and neighbors. We report on some of these obstacles and discuss their causes. We have identified three generic obstructions to dam removal:
1. Financing. Financial support to cover the costs is often difficult to obtain because usually funding from several sources is required.
2.
Cultural-historical values. These values are often in conflict with the needs of the ecosystem. Co-operation and a constructive exchange of ideas would facilitate negotiations.
3. Threatened species. These species are subject to intense protection programs. Even though laws and regulations are in place to help preserve viable populations of threatened and endangered species in their natural habitats, it can be difficult to balance what society wants with the needs of the ecosystem.
The two cases (Gatebäcken and Kolbäcksån) presented in more detail were chosen mainly because they differ substantially from each other and because they represent issues that need to be addressed. Here reluctance also played a significant role in the negotiations and decision-making process. Experts, scientists, public authorities, and others need to become better at pointing out and communicating the various positive effects of dam removal.
Funding obstacles
Funding is one of the major obstacles to dam removal and one that makes it difficult to forecast the outcome of removal plans. Usually, funding has to come from different sources because expenses are typically too high to be covered by a single funder (Babbitt 2002 ). Whitelaw and Macmullan http://www.ecologyandsociety.org/vol14/iss2/art4/ (2002) present six analytical principles that should guide the analysis of the economic consequences of a decision to remove a dam. These deal with issues related to benefits as well as costs, rights and responsibilities, uncertainty, and sustainability. To properly argue for removal and allocate funding, it is thus important to have a clear picture of the economic consequences of dam removal. There is no guarantee that available funding will cover all the costs involved in the process. Consulting firms, contractors, landowners requesting compensation for intrusion, and others all require their share of the allocated funds.
For example, in 1880, a dam was built on Gatebäcken in Hjo municipality, Sweden, to provide a Norse mill with water, and in 1924 a generator was installed to supply the mill with electricity for lighting. This dam was due for removal in 2007, when plans changed mainly because of insufficient funding. The consulting firm hired to write the proposal requesting the removal permit turned out to be more expensive than expected, and when the magnitude of the sediment layers in the reservoir and the costs involved in excavating them became clear, there was no other option than to suspend the removal plans. The municipality's allocated funds were not sufficient to compensate the dam owner as well as carry out a complete removal. Instead, it was decided that a fish passage should be built and that the embankment and spillways should be strengthened to keep the impoundment intact. A year later, however, there were no funds left, and for the moment no measures are being taken with regard to this dam.
Another example is the removal of the Elwha and Glines Canyon dams on the Elwha River. As part of the deal, the federal government had to provide a new water treatment plant, a new fish hatchery, and other mitigation projects. These constructions added significantly to the costs and time required to remove the dam (National Park Service 2007 , Dunagan 2008 , Gawley 2008 . Because a large portion of the watershed is within Olympic National Park, which is managed by the National Park Service, this constitutes an ideal setting for studying the effectiveness of river restoration techniques, thus perhaps paving the way for future large-scale restorations. The U.S. government bills this project as the largest decommissioning project in history, and perhaps this fact, along with collaboration among stakeholders and unique study opportunities, keeps the project going even though the costs are greatly inflated (Duda et al. 2008 ).
Cultural-historical obstacles
The cultural-historical values of dams and associated constructions are other stumbling blocks to dam removal, no matter how much those structures are impinging upon the needs of the ecosystem. In Sweden, as in other countries, there are many old industrial communities, and the mills and factories are often attractive old buildings with preservation value. Dams used by the hydroelectric power industry may have been in place for a long time and have become accepted and valued parts of the environment (e.g., Klein 1999 ). In such cases, balancing the importance of functional ecosystems and cultural-historical values is an arduous task. When working to identify watercourses with high conservation value, the Swedish EPA and several county administration boards have cooperated with the National Heritage Board to find common ground in their judgments.
One example is the stream Kolbäcksån, which is impounded by several dams and runs through the old Swedish industrial community of Hallstahammar, which has a metal industry as its core business. Two of these dams, Bruksfallet and Bultfallet, are old and in bad condition, so it would be desirable to remove them. The dams were built in 1906 and 1920, respectively, to supply several factories with electricity, but in 1989 a new and more efficient dam fully replaced these and two other dams. The power company that owns the dam was given court permission for removal, but the municipal council felt that it would be too large an intrusion into the cultural-historical environment and the process came to a halt. After examining these concerns, the municipal council reached a unanimous decision that the dams would not be removed but left intact. As of today, an appeal has been lodged, and negotiations have reached a deadlock. Fear of losing recreational opportunities may be another factor influencing this decision, because the communities living close to the reservoir use it for swimming, fishing, and boating. Some of the early opposition to removing the Elwha dam came from people who liked to go boating and fishing in the reservoirs (J. Helfield, personal communication) . Because a reservoir often becomes central to a community's sense of place and is taken to be a natural part of the environment, it can be difficult to persuade people http://www.ecologyandsociety.org/vol14/iss2/art4/ to change their minds. Klein (1999) elegantly illustrates this point in her presentation of the pros and cons of emptying Lake Powell on the Colorado River.
The obstacle of threatened species and the risk of spreading invasive species Chapter 7, Section 11, of the Swedish Environmental Code states that small land and water areas that constitute habitats for endangered animal and plant species or are otherwise particularly worthy of protection may be designated habitat protection areas, and that activities or measures that are liable to damage the natural environment must not be undertaken in habitat protection areas. Dams and artificial impoundments give rise to "new" habitats that some species may take advantage of. For example, the stream Emån in southern Sweden holds a population of Wels catfish (Silurus glanis L.), which is an endangered species. The catfish is considered to be a postglacial relict in this stream. Bushes of grey willow (Salix cinerea L.) proliferate in this impoundment, and the fish have been able to use their tangled roots as breeding and hiding habitats, thus surviving in the regulated stream. Generally, catfish need slow-flowing streams with natural river environments; water regulation is therefore a threat to the fish and its natural environment (Nathanson 1995) .
Dams work as barriers that block the migration and dispersal of invasive as well as native species. Removal of a dam exposes a large area of reservoir sediment that is highly conducive to plant colonization, especially of invasive species. Aggressive plant colonists may dominate for several years if natives fail to survive because of strong competition (D'Antonio and Meyerson 2002 , Shafroth et al. 2002 , Orr and Stanley 2006 . Connectivity is often lost in aquatic ecosystems because of dam construction. Consequently, seasonal migrations of aquatic organisms are prevented, and the diversity and productivity of aquatic habitats are reduced. On the other hand, by removing these barriers, river restoration may increase the homogenization of aquatic biotas by spreading non-native species. However, by restoring former impoundments to free-flowing stream reaches, fish composition will shift from lentic to lotic, thus increasing biotic diversity and allowing native species to return to their habitats (Rahel 2007) . Some faunal changes may occur rapidly, whereas other long-term changes occur as species adjust to changes in the channel (Hart et al. 2002) .
Riverine organisms are always more or less affected by dam removal before the state in the channel has stabilized. Freshwater mussels are generally the most negatively affected. Studies in Koshkonong Creek, Wisconsin, USA, showed that 95% of the mussels in the previously inundated area died because of exposure and dehydration, and one species disappeared entirely. Also, the mussels downstream from the dam were affected by the removal, and their density decreased from 3.8 to 2.6 mussels/m² in less than 3 yr because of increased sedimentation (Sethi et al. 2004 ). The freshwater pearl mussel (Margaritifera margaritifera L.) is a red-listed and threatened species in Swedish streams. This species lives its larval stage on the gills of salmonid fish species, mainly brown trout (Salmo trutta L.), and would likely benefit in the long term from dam removal because this facilitates trout migration. However, it is important to consider the amount of sediment that could affect populations located downstream. Elm (2004) concluded that, despite the obvious benefits of removing the Örby sawmill in Ljungån, Sweden, this could potentially harm populations of freshwater pearl mussels in the stream, because of both increased sedimentation and the leakage of toxic waste from the former sawmill, and cautioned against removal without a thorough investigation of the harm it could potentially cause.
RECOMMENDATIONS
Adequately applied, environmental legislation should ensure that future generations will be able to enjoy natural communities, free-flowing waters, and thriving landscapes. One would imagine that the removal of artificial objects from running waters would generally be seen as a good thing, especially in cases in which these objects no longer have any socioeconomic value. However, in a surprisingly large number of cases, this is not how dam removal is perceived, and public perceptions of dam removal and its consequences may seriously impede removal projects. Although there are many reasons for this resistance, they need to be understood to find solutions that will benefit both nature and human societies. Below, we present two basic tools that could assist in this process. the idea of dam removal is unfamiliar to the general public. Although dams are often seen as monuments that should last (Babbitt 2005) , it is reasonable to ask whether it is realistic to preserve every old dam, or whether there are ways to conserve the cultural values of dams without making them into untouchable monuments. As described above, there was strong opposition to the removal of the Bruksfallet and Bultfallet dams for culturalhistorical reasons, and these dams are to be preserved unconditionally. However, there are dam removals in which only pieces of the dam will be preserved for historic purposes (David and Baish 2002) , such as the Glen Canyon Dam on the Elwha River. The obvious advantages of dams, such as electricity generation and the creation of recreational lakes, make it difficult to assess their potential ecological damage, so that the eventual benefits of dam removal may not be obvious. Facilitation of fish migration and spawning is generally an important reason for dam removal, and it is also reasonably well understood. Game fish are much easier to relate to than general ecosystem qualities such as "increasing biodiversity." Thus, the careful formulation of the reasons for dam removal and adequate education of the public are important tasks that must be undertaken in each case.
Second, stakeholder involvement is important. As our results suggest, the involvement of a variety of stakeholders increases their willingness to find compromises, thus avoiding conflicts. An example of this is the Unnefors Dam on Nissan stream (Figs.  3 and 4) . In this case, the dam owner, a sawmill company, agreed to co-finance the removal if they were allowed to extend their timber yard. This required a new channel stretch, and adjacent neighbors were invited to influence its design. At first, people opposed the removal, but education and The channel is being redug (to the right in the picture) so that the sawmill can expand its log yard out into the natural stretch. This was a demand from the company in return for co-financing and agreeing to the removal. A and B mark the banks that will be removed when the new channel becomes operational. encouragement to get involved made them change their minds. Especially in complicated cases in which the goal is a compromise, the integration of the knowledge of a diversity of stakeholders is crucial for any outcome other than maintaining the status quo. When those involved do not have a clear understanding of what will happen when a dam is removed, it can be hard to get different actors, such as municipal offices, county administration boards, research groups, and power companies, to cooperate with each other. This may lead to overlapping work, conflicts with stakeholders, and missed opportunities to study the effects of dam removals. Again, in the example of Bruksfallet and Bultfallet, the provision of adequate information about safety issues related to the deteriorating dams and the ecological benefits of removing them could have avoided several controversies.
More information should also be provided to researchers. It is not uncommon for researchers to be notified about a removal at such a late stage that they have no time to carry out pre-removal studies, which are fundamental for evaluating post-removal recovery processes. In some cases, a removal may be debated for years but carried out almost immediately once the decision has been made, thus limiting opportunities to conduct more extensive studies. In contrast, researchers also run into problems when they have begun pre-removal studies and removal plans are cancelled or put on hold for years. In the case of Gate kvarndamm on Gatebäcken, time and money could have been saved if the municipality had drawn up a financial plan ahead of time. That way, unexpected and constantly recurring expenses might have been avoided, giving those involved a better opportunity to acquire and http://www.ecologyandsociety.org/vol14/iss2/art4/ allocate recourses and a better chance for a successful removal. The fact that dam removal studies can be joint ventures has to be taken into consideration during research planning. Close collaboration with all the bodies involved in dam removal operations is the key to responsible use of research resources.
When dealing with dam removals, the problems in Sweden and the United States are similar. There are no guidelines on how to approach dam removals and troubleshoot problems, nor are there any longterm studies to learn from, especially in the case of Sweden, where dam removal still is in its infancy. Hart et al. (2002) give an example of a risk assessment framework for evaluating the potential effects of dam removal. It is suggested that this framework, under the right circumstances, can be used to take into account many of the factors that influence variations in potential responses to dam removal. Even so, in both Sweden and the United States, effective river restoration is only accomplished when there is co-operation between various protection and restoration practices. The issues we have examined are unique because they are Swedish examples and experiences, but also because they are the first ones that have involved researchers actively working with dam removals and river restoration in Sweden. In fact, every dam removal is unique, but the experiences gained are applicable to almost any removal. Therefore, sharing those experiences and making thorough field and data analyses are of great importance globally. Finally, whatever happens to dams in the future, the dam removal movement will challenge dam owners and operators to defend themselves, and "to demonstrate by hard facts, not by sentiment or myth, that the continued operation of a dam is in the public interest, economically and environmentally" (Klein 1999 ).
